This study was carried out on two beef farms in southwestern Ontario. Beef mortalities were composted using the current recommended practices for Ontario. Three substrate materials were evaluated: bedded cattle manure, wood shavings and corn silage. Small compost piles, each holding 2 or 3 mortalities, were created on an earth base. Large square bales were used for at least 3 walls of each pile. Temperatures inside the piles were recorded throughout the cycle. At the 6 month period, the piles were opened up and samples collected for analysis. This was repeated at the one-year period, when the composting process was assumed to be complete. Results will be presented on the labour inputs, costs, chemical and microbial analysis results, management challenges, visual indicators and general practicality of using this disposal method for large carcasses on cattle farms.
Introduction
Recent cases of BSE in North America have drastically reduced the market for rendered meat products. In a survey of Ontario producers conducted by Fleming et al. (2003) , several farmers reported that the cost of sending a carcass off the farm quadrupled after May of 2003, when BSE was found in an animal in Canada. Only 11 of the 92 beef producers in the survey used composting, and this was mostly for small animals. The number relying on burial was 39%, while 67% used licensed dead stock services. Of course, several farmers used more than one method of disposal. Interest in composting was higher in poultry and swine (41% and 37% respectively) than in dairy and beef.
Carcass composting is less capital intensive than incineration and rendering, a better alternative to burial in areas with shallow water tables, and provides for quick removal and isolation of farm mortalities (Kalbasi et al., 2005) . The process begins with an initial heating phase characterized by high oxygen consumption, thermophilic temperatures (55 o C), rapid reductions in bio-degradable volatile solids, and odour potential. This is followed by a phase where temperatures are not as high, reactions are slower and aeration is no longer a limiting factor (Kalbasi et al., 2005) .
For the most part, the interest in composting has been in either of two areas: a) what to do with routine livestock mortalities; and b) what to do when a disease outbreak or other catastrophic loss occurs and large numbers of carcasses must be dealt with at one time. For disease-related carcass composting, special considerations apply. The composting process should produce high temperatures to help reduce pathogen numbers. The compost mass must be able to retain liquids, minimizing the release of contaminated leachate. In addition, turning of the compost should be avoided to reduce risks of air-borne contaminant release (Glanville et al., 2006; Goldstein, 2004) . Glanville et al. (2006) found that turkey litter, corn silage, oat straw, and alfalfa hay were all suitable materials for composting where disease control was important. They also found that ground cornstalks, wood shavings, sawdust and soybean straw were suitable materials for composting routine mortalities or any other not caused by disease.
For Ontario livestock farms, Koebel et al. (2003) recommend starting with a base of substrate that is 0.6 m deep. A layer of mortalities should then be placed on this base, staying at least 0.3 m from the edges of the bin. This is followed with at least 0.6 m of substrate, to top off the bin. The bin is left to sit for up to six months, depending on carcass size, then should be mixed. It may take a year to completely compost a 200 kg carcass. Koebel et al. (2003) also caution that if a mortality is frozen (e.g. during winter months), it should be thawed before placing in the composting bin.
Objectives
Given that composting of cattle mortalities was not widely used in Ontario and that it potentially offered advantages to other disposal methods, the following objectives were adopted:
1. To determine the efficiency and suitability of using sawdust, corn silage and solid manure (three readily-available materials) as media for composting cattle mortalities, in an on-farm study. 2. To determine costs of carcass composting and compare these to other methods of carcass disposal. 3. To document management practices associated with successful carcass composting on operating beef feedlots.
Description of Study

Farm Setup
The cattle mortalities were composted at two beef cattle feedlots in southwestern Ontario, near Sarnia. The mortalities originated on the farms in question, representing "normal" livestock deaths. These beef feedlots were in the size range of 1000 to 1500 finishing cattle. The livestock producers agreed to compost all of their mortalities as they occurred.
A variety of composting substrate materials were used, including solid beef manure, corn silage, sawdust and to a lesser extent, straw and wood chips. Sawdust was selected due to its popularity in past composting projects. It represented a material with a proven record of performance, but with a higher price than the alternatives. Corn silage is readily available on most feedlot operations in Ontario. This availability and the desirable nutrient characteristics make it an appropriate choice. Solid manure is readily available on most feedlots. The manure at the feedlots in the study contained straw as a bedding material. Compost bins were built using farm materials.
In total, 12 compost bins (i.e. six per farm) were constructed by the farm operators. Each bin contained two or more carcasses. The composting was located in an area that was not highly visible from off the property. The bins walls consisted of large square bales measuring typically 76 cm by 120 cm by 250 cm, stacked two high. This gave a bin size of approximately 150 cm deep by 240 cm by 240 cm. The holding capacity of each bin was therefore approximately 8.6 m 3 , deemed to be appropriate for composting two cattle carcasses. As more animals died, additional bins were constructed. Not all bins were of these exact dimensions, nor were there always just two carcasses placed in each bin. As each new bin was constructed a different substrate was used. Bins were typically adjacent so there was a common wall between bins.
A base of substrate material (one selected per pile -sawdust, corn silage, manure, and wheat straw) was then laid down (30 to 60 cm depth). Each carcass was placed on top of the base, on its side. A 10 to 15 cm thick layer of substrate was then placed over the carcass. When the second carcass was available, it was placed on top, and a final 60 cm layer of substrate was placed on top. The final compost pile was approximately 1.8 meters deep and the design loading rate was 150 kg of animal/m 3 of compost mixture. When compost turning occurred at the six-month stage, it was done in the original bin (i.e. not moved from one bin to another). Turning was done by the farmer using a loader tractor or pay-loader. The compost was mixed either by lifting and rolling the material together, or by removing the compost from the bin and then placing it back into the bin. Once the compost was well-mixed and placed in the bin, it was re-capped with a fresh substrate about 60 cm deep.
Temperatures
Two thermocouple probes were placed in each bin, at a depth of one meter, to monitor the internal compost temperatures. These were connected to a data logger (Spectrum Technologies Watchdog model 125 -ambient temperature plus a temperature probe).
Measurements and sampling
At the establishment of each compost bin, the volumes of all inputs and the carcass weights were estimated by the farmers. During the first farm visit of the research team, samples of all substrate materials were collected and tested for nutrient levels and bacteria. The volume of the composting materials was measured.
At the three-month stage for each bin, six samples were taken from each pile (at a depth of at least 30 cm) for nutrient analysis. A visual inspection was made to estimate the degree of composting and bone disintegration. Two samples per bin were taken for a bacteria analysis (E. coli, and Salmonella).
When six months had elapsed, similar samples were collected for nutrient and bacteria testing. An inspection of each pile for the degree of composting was conducted. At this stage, the bin was opened up and turned. The compost was returned to the bin and (if needed) additional substrate was added to cap it off -to ensure any carcass parts were covered.
The final visit to the bins was at the 12-month stage. Once again, nutrient and bacteria testing was carried out. An inspection of each pile for the degree of composting was conducted.
Samples were delivered to the Laboratory Services Division and the Food Microbiology Lab, University of Guelph, in a refrigerated cooler (at approximately 4 o C). Bacteria test samples were delivered within 24 hours of sampling. Samples for nutrient analysis (if not delivered within 24 hours) were stored in a refrigerator (at approximately 4 o C) until delivery to the lab. All nutrient samples were tested for N, P, K, NH 4 -N, NO 3 -N, Total Carbon, Organic Carbon, Inorganic Carbon, Ash/organic matter, Dry Matter, and pH. Bacteria samples were tested for Salmonella and E. coli.
The labour needed to manage the piles was recorded by the farm operators, as were cost estimates of all inputs, in order to establish the economic impact of composting.
Results and Discussion
Site Descriptions
The beef operation at each of Site 1 and Site 2 consisted of a partially covered feedlot with a covered bedded area for the cattle to rest. There was an open concrete area for feeding and exercise. The feed bunkers (mangers) were located along the perimeter. Cattle were bedded with straw. The open area was scraped regularly to keep it clean and there was a runoff storage to capture any escaping liquids. The bedding pack was removed several times per year and field-applied. The compost bins were located next to a straw storage shed behind the cattle feedlot. At Site 1, all compost bins were made using big square bean straw bales. At Site 2, all compost bins were built out of big square wheat straw bales.
General Observations
The study began in November, 2004. The first bin was constructed on November 3 on Site 1 and on November 17 at Site 2. The initial visit to set up the monitoring system, collect samples and confirm the experimental protocol was made to both sites on November 23, 2004. Both farmers had used large square bales to construct bins big enough for two cattle carcasses. The last of the bins (for this study) was constructed in July, 2005.
The sites were visited for monitoring, sampling and data collection approximately every month. Each bin was sampled at the visit that corresponded most closely to three months after the establishment of that bin. Bins were mixed at the six-month stage, and mixed (and considered finished) at the 12-month stage. It was not always possible to stick to exactly the three, six and 12-month schedule, but the times are fairly close (averages are 3.3, 6.4 and 12.3 months). Composting was done continuously throughout the year, including through a winter that was colder than normal for the area. Tables 1 and 2 show summary information on the establishment of the various bins at Sites 1 and 2, respectively. In general, the farmer at Site 1 used less substrate per carcass than was used at Site 2. At Site 1, the initial base was 25 to 30 cm thick, compared to 45 cm at Site 2. The substrate layer over the first animals was not as thick at Site 1, though the top cover was similar in thickness. Tables 1 and 2 also show the differences in numbers of mortalities from one bin to another and from one site to the other. At Site 1, 21 carcasses were processed in six bins. At Site 2, 12 carcasses were composted in six bins. Average weights of mortalities were 486 kg at Site 1 and 522 kg at Site 2. These were, therefore, large animals that were close to market weight. Weights are based on estimates of the livestock producers (the carcasses were not weighed). Note that at Site 1, there were several cases where slaughter waste was added instead of the entire carcass. This slaughter waste consisted mainly of offal, bones and paunch manure. 
Visual Appraisal
Composting appeared to be very efficient at breaking down the carcasses. Almost all soft tissue disappeared over the 12 months. Most bones disappeared during this time, and any that remained were brittle and easily broken. It appeared that the rate of decomposition was influenced by bin loading rates and the amount of substrate used. In two instances, carcasses did not break down as well as expected. One of these was a case where the carcass had had a chance to freeze before being placed in the bin. Composting did not really begin until after the material was mixed. In the other case, it was felt that the carcasses did not have enough substrate cover to allow for efficient composting.
There appeared to be a difference in the substrate materials used, both in their effectiveness at composting and in the presence of rats. Rats were most evident in bins that used sawdust as the carbon source. None of the bins appeared to have problems with dogs or wild animals digging in the bins (to feed on the carcasses). The wood chips did not perform as well as hoped. It failed to yield the same quality of finished compost. However, this material was already well decomposed before arrival at the site.
The big square bales used to construct the bins differed in their performance. As the study progressed, it was obvious that the bean straw did not hold up as well as the wheat straw. The bean straw started to break down over time, and by the end of the study the bales had completely fallen apart.
At all times of the year, the composting process was started as soon as carcasses were available. Time of year appeared to have little impact on the composting process, as long as the carcasses were not allowed to freeze before being placed into a compost bin.
One of the concerns with composting is the breakdown of bones. Ideally, there should be no bones left when the compost is eventually spread onto the land. In the 12 month period involved, the breakdown of bones appeared to be better at Site 2. This was most likely due to a greater amount of substrate used in the bins at Site 2.
Odours
Odours were typically non-existent. Of course, the bins were located near the feedlots -feedlot odours were greater than any that may have been emitted by the compost bins. Odours were more apparent when the bins were opened up and mixed. At those times, odour intensities were slight to moderate, and odour character was rated "natural unpleasant -rotten/offensive".
Nutrient Analysis
At the beginning of each new bin, samples of the substrate material were collected and analyzed. As the study progressed, a total of 19 compost samples were examined per bin. Results of this analysis are summarized in Table 3 . The test values are in line with expected values for the various materials. For sawdust, all but one result for N, P and K were below the sampling detection limit. This meant that a C:N ratio could not be calculated. It was assumed that the C:N would be in the order of 200 to 750:1 (NRAES 1992), which would make this material the richest source of carbon of those tested. Wood chips were used as part of the mix at Site 1. This material had been stockpiled off-site for some time and had undergone a considerable breakdown of organic material. As a result, it had a very low organic matter content. The C:N ratio of 26.8 was also lower than expected. Analysis results for the compost samples are shown in Table 4 . These are broken out into the three separate sampling times -i.e when the material had been in the bins for three, six and 12 months. The variability in results was quite high. This was partly due to the variability in properties from one substrate to another. It also reflected the difficulty in obtaining a well-mixed, representative sample in this material. As time went on and the compost was mixed, it became more homogeneous, although some of the variability remained. As an illustration, the ash contents (dry matter basis) of all compost samples at three, six and 12 months were 18.9, 20.2 and 27.3%, respectively. Standard deviations were 22.0, 15.3 and 18.2, respectively. 
Bacteria
In total, seven samples from each bin were submitted for measurement of bacteria densities. The results of 82 analyses showed that none tested positive for Salmonella. There was a great deal of variability in the sample results for E. coli, presumably for the same reasons discussed earlier. In most cases, the first samples submitted for each bin had high numbers and the last samples had undetectable levels. This was expected, given the relatively high sustained temperatures in the compost mass.
Compost Temperatures
Two temperature loggers were placed in each bin. Two were needed in order to provide a backup in case one of the units should fail or be damaged (experience has shown that rats enjoy playing with them). As it was, on occasion, both loggers failed for various reasons. These failures may have been the result of cold and damp weather conditions and/or rodent activity. Rodents have climbed on the wires and pulled the thermocouple wires loose from the loggers.
Despite the problems encountered, a good deal of useful temperature data was recorded. The temperatures appeared to depend on three main factors: a) the positioning of the probes in the bin, b) the substrate used, and c) the amount of mixing in the bin.
Temperatures in many of the bins stayed over 55 o C for extended periods of time. In certain cases, the temperature rose to these levels almost immediately, then gradually dropped over several months. In other cases, temperatures remained lower for the first six months, until mixing. The low temperatures may have been related to placement of the probes. Regardless, in several cases, the temperatures rose to temperatures over 50 o C and stayed there for several months. Time of year made no difference to these values.
The lowest temperatures appeared to be in Bin 1 at Site 1, described in the earlier case study. This was the only bin where no temperatures over 50 o C were measured.
Volume Changes
The volume of the compost reduced over the study period. The substrate used had an impact on how much the volume reduced. The bins where corn silage was used, on average, reduced in volume by 72% (3 bins). Other reductions were: sawdust -47% (4 bins), solid cattle manure -37% (3 bins), silage and sawdust -37% (1bin) and wood chips -0% (1 bin).
Economic Analysis
One of the reasons for carrying out this study on-farm was to assess the labour and economic viability of composting under real-life conditions. This meant giving up a certain amount of control over the study in order to give the system a realistic evaluation by typical end-users of the practice. Table 5 includes summary data for the two sites, including a calculation of the average amount of labour for composting. Labour included building and loading the bins, mixing at six months and removal at 12 months. In determining whether composting of mortalities is economically feasible on farms, it must be compared to the main alternative, licensed pick-up for delivery to a rendering plant. Table 6 summarizes the actual composting costs. In calculating costs, the following assumptions were made:
• Costs of constructing the compost bins and the materials used for composting were based on estimates provided by the farmers involved. Site 1 assumed $15/bale, $6/m 3 for sawdust, $0/t for corn silage (spoiled), $2.50/m 3 for manure; Site 2 assumed $20/bale, $25/t for sawdust, $25/t for corn silage, $2.30/m 3 for manure -in reality, most farms have a supply of spoiled silage or straw that can help reduce composting costs, and many farmers would not place a high value on solid manure as a substrate material (especially in light of the fact that the finished compost will likely be spread onto the land eventually).
• The total cost of the loader tractor and operator was estimated at $50.00 per hour -which is the typical custom rate charged in the area.
• The time required to build the bins and place cattle into the bins was based on estimates of the farmers involved.
• Carcasses were assigned no value or cost to the composting project. Also, no value was assigned to the final compost.
• Costs for picking cattle up for rendering reflect the most recent range in costs these farms have paid.
• No additional costs for carcass pick-up were considered even though a certain amount of labour would be needed to move the carcass to a suitable place for the truck to access the carcass.
The average cost per bin of composting carcasses at Site 1 was lower than the cost of pickup. At Site 2, the cost of pickup was lower than on-site composting. In part this is because different dollar values were given for the same materials used in the composting process. Also, at Site 1, more carcasses were placed into each bin, which significantly reduced the costs.
These costs do not consider the convenience that either method may provide at a specific location. Pickup of carcasses involves having to place the mortality at a convenient location (where there is access by the truck), likely involving similar time and effort to placing the carcasses into compost bins close to the feedlot.
While the costs were lower at Site 1, there would be more bones to deal with if this material was spread at the one-year mark. This may not be an issue for some people. If it were a concern, a simple solution would be to continue the compost process (after mixing) or to screen the material. Either option could increase the costs.
Other considerations: There may be bio-security risks having a truck drive onto the farm to pick up a carcass. Once the phone call is made, pickup may not be as quick as desired, perhaps depending on proximity to the trucking company. Cost of pickup (@ $100.00 per animal) $350.00 $200.00 Note: costs per bin were the average of all 6 bins from each farm.
Farmer Comments
Both cattle producers have chosen to continue composting mortalities on site. They had both attempted composting earlier, with limited success. During this study, they attempted to follow the recommended management practices. They now feel comfortable with composting. They both intend to field-apply the compost when it is completed. Also, they both feel the costs and effort needed to compost are less than or equivalent to having mortalities picked up for rendering. Other comments:
• They liked the improved bio-security of handling the mortalities on site.
• They liked the absence of odours during the composting process.
• They liked the effectiveness of composting through the winter months.
• They were impressed at the effectiveness of composting when the process was done following the recommended procedures.
• They were pleased with the simplicity of composting and the relatively low labour needs.
• They liked being able to compost the carcasses close to the feedlot, minimizing travel time.
• Both recognized that there are ways to reduce costs -e.g. using spoiled silage and other waste materials.
Summary
This study provided an opportunity to carry out an on-farm evaluation of composting of livestock mortalities using large carcasses. Two beef feedlot operations participated and composted all mortalities for the duration of the study -November, 2004 , to April, 2006 . Management practices were different at the two sites and final composting results were somewhat different. The main findings of the study:
• Composting can be a practical and cost-effective way of dealing with routine cattle mortalities on the farm. Total costs were similar to the cost of licensed pickup and there were opportunities to reduce costs.
• The labour needed to carry out composting (including an operator and a loader tractor) was 55 minutes per 1000 kg mortality at Site 1 and 88 minutes per 1000 kg at Site 2.
• The substrates used in this study performed well, except for the aged wood chips.
Saw dust, corn silage and solid manure all produced desirable results. Straw was also used as part of a mix, though it was not used to cap a bin.
• The degree of breakdown of bones varied from bin to bin. In general, destruction of bones was very good at the 12 month point. As long as the bin was not overloaded and the proper amount of substrate cover was used, very few bones, if any, remained at 12 months. Any remaining bones appeared to have most minerals leached out and were easily broken. Screening of bones or composting longer may be acceptable alternatives in cases where bones are an issue.
• The nutrients in the 12-month compost were not substantially different from the initial solid beef manure and thus would be as valuable a source of crop nutrients if land-applied.
• Temperatures in the bins exceeded 50 o C for weeks or months at a time (except in one bin where it was felt that overloading occurred).
• Volumes of material reduced by 37 to 72% over the 12 months of composting, depending on substrate used (corn silage was responsible for the greatest reduction). The exception was the bin using aged wood chips, where there was virtually no volume reduction.
• Odour control was very good.
• Rats appeared to be present and seemed to favour the bins using sawdust. Dogs digging in the bins were never an issue.
• Bacteria numbers (E. coli and Salmonella) were measured. No Salmonella were detected in any of the samples. E coli numbers were quite variable but demonstrated a considerable reduction (or in most cases, elimination) over the 12 months.
• Composting provides a certain amount of convenience and an added measure of biosecurity for the livestock producer. It avoids having trucks visit the farm that may carry diseases from other farms.
• Winter-time composting should proceed in a timely fashion, with the carcass added to the composter before it freezes.
• Even if ideal temperatures are not achieved, composting will still progress. To get the desired results (e.g. complete destruction of all bones) may simply take extra time.
